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vided with: an electric motor (3) having a cylindrical
shape; a tubular housing (9) in which the electric motor
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Description

TECHNICAL FIELD

[0001] The present invention relates to an electric ac-
tuator for a valve of an internal combustion thermal en-
gine.

PRIOR ART

[0002] A butterfly valve, which is arranged upstream
of an intake manifold and adjusts the flow rate of the air
which is fed to the cylinders, may be provided in the in-
ternal combustion engines. A typical, currently marketed
butterfly valve has a valve body provided with a tubular
feeding pipe, through which the air aspirated by the in-
ternal combustion engine flows; a butterfly plate, which
is keyed onto a rotating shaft to rotate between an open-
ing position and a closing position of the feeding pipe, is
accommodated within the feeding pipe. The rotation of
the butterfly plate is controlled by an actuator device com-
prising an electric, direct current motor coupled to the
rotating shaft of the butterfly plate by means of a gear
transmission and at least one spring, which pushes the
rotating shaft of the butterfly plate towards the closing
position.

[0003] The electric motor is typically arranged within a
blind tubular housing (i.e. having an open end and an
opposite closed end) and is kept within the tubular hous-
ing by a closing plate fixed at one opening of the tubular
housing itself. In order to prevent in use the electric motor
from performing axial movements (i.e. to prevent it from
axially vibrating, thus subjecting the mechanical parts to
repeated, minor axial stresses which may determine fa-
tigue failure on the long term), a Belleville washer, which
is compressed when the closing plate is fixed in position,
is arranged between a bottom wall of the tubular housing
and a bottom wall of the electric motor.

[0004] However, the Belleville washer can limit the
width of the axial movements of the electric motor, but
cannot fully eliminate the axial movements (i.e. in use
the electric motor may still axially vibrate even if with a
small vibration width). Furthermore, the Belleville washer
substantially has no limiting effect on the radial move-
ments of the electric motor, which therefore is substan-
tially free to radially vibrate (thus subjecting the mechan-
ical parts to repeated, minor radial stresses which may
determine fatigue failure on the long term) .

[0005] GB2323128A describes an electric actuator for
a valve 5 of an internal combustion thermal engine. The
electric actuator comprises: a cylinder-shaped, electric
motor 2; a tubular housing 1C, in which electric motor 2
is arranged; a closing plate 2D, which is fixed at an open-
ing of the tubular housing 1C to keep electric motor 2
within the tubular housing 1C itself; and a clamping band
9, which is inserted into a bottom portion (of smaller di-
ameter) in the tubular housing 1C and is arranged be-
tween a wall of the bottom portion of tubular housing 1C

10

15

20

25

30

35

40

45

50

55

and a bottom end wall (of smaller diameter) of electric
motor 2.

DESCRIPTION OF THE INVENTION

[0006] Itisthe object of the presentinvention to provide
an electric actuator for a valve of an internal combustion
thermal engine, which electric actuator is free from the
above-described drawbacks, and in particular, is easy
and cost-effective to be implemented.

[0007] According to the present invention, an electric
actuator for a valve of an internal combustion thermal
engine is provided as claimed in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will now be described
with reference to the accompanying drawings, which
show a non-limitative embodiment thereof, in which:

- figure 1is a perspective, partially exploded view with
parts removed for clarity of a butterfly valve provided
with an electric motor driven in accordance with the
present invention;

- figure 2 is a front view with parts removed for clarity
of the butterfly valve in figure 1;

- figure 3 is a perspective view of an electric motor of
the butterfly valve in figure 1;

- figure 4 is a cross section view of a housing of the
electric motor in figure 3;

- figure 5 is a perspective view of a clamping band
which is wound about the electric motor in figure 3;
and

- figure6is aside view ofthe clamping bandinfigure 5.

PREFERRED EMBODIMENTS OF THE INVENTION

[0009] In figure 1, numeral 1 indicates as a whole an
electronically controlled butterfly valve for an internal
combustion engine (not shown). Butterfly valve 1 com-
prises a valve body 2 accommodating an actuator device
provided with an electric, direct current motor 3 (shown
in figures 2, 3 and 4), a tubular, circular section feeding
pipe 4 through which the air aspirated by the internal
combustion engine flows, and a butterfly plate 5 (dia-
grammatically shown with a dashed line), which is circu-
lar in shape, engages the feeding pipe 4 and rotates be-
tween an opening position and a closing position of the
feeding pipe 4 due to the action of an actuator device.
Butterfly plate 5 is keyed onto a rotating shaft 6 having
a longitudinal rotation axis 7 in order to rotate under the
actuator device control between the opening position and
the closing position due to the action of the actuator de-
vice.

[0010] As shown in figure 2, the actuator device com-
prises the electric motor 3, which is coupled to rotating
shaft 6 by means of a gear transmission 8, a return spring
(not shown and coupled to the rotating shaft 6) adapted
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to rotate the butterfly valve 5 towards the closing position,
and possibly a contrast spring (not shown and coupled
to rotating shaft 6) adapted to rotate the butterfly plate 5
towards a partial opening position or limp-home position
against the bias of the return spring.

[0011] Electric motor 3 has a cylindrical shape and is
arranged in a cylinder-shaped, tubular housing 9 (shown
infigures 1 and 4) which is arranged by the side of feeding
pipe 4 and is blind (i.e. has one open end and one op-
posite closed end); it is worth noting that tubular housing
9 has a substantially cylindrical shape and due to the
foundry draft, it has at the bottom (i.e. at the closed end)
a conical portion which is not engaged by electric motor
3. Electric motor 3 is kept within the tubular housing 9 by
a metal closing plate 10; i.e. closing plate 10 is fixed at
an opening of tubular housing 9 to keep the electric motor
3 within the tubular housing 9 itself. The closing plate 10
comprises a pair of female electric connectors 11, which
are electrically connected to electric motor 3, and which
are adapted to be engaged by a pair of respective male
electric connectors 12 (shown in figures 1 and 3). In order
to ensure the correct fastening of electric motor 3 to valve
body 2, the closing plate 10 has three perforated radial
appendixes 13, through which respective screws 14 to
be fastened to valve body 2 are inserted.

[0012] Electric motor 3 has a shaft 15 ending with a
toothed wheel 16, which is mechanically connected to
the rotating shaft 6 by means of an idle toothed wheel 17
interposed between the toothed wheel 16 and an end
gear 18 keyed onto shaft 6. The toothed wheel 17 has a
first set of teeth 19 coupled to the toothed wheel 16 and
a second set of teeth 20 coupled to the end gear 18; the
diameter of the first set of teeth 19 is different from the
diameter of the second set of teeth 20, thus the toothed
wheel 17 determines a non-unitary transmission ratio.
End gear 18 is defined by a full, cylindrical central body
21 keyed onto the rotating shaft 6 and provided with a
circular crown portion 22 provided with a series of teeth
coupled to the toothed wheel 17.

[0013] Gear transmission 8 and closing plate 10 are
arranged in a chamber 23 of valve body 2, which is closed
by a removable lid 24 (shown in figure 1).

[0014] As shown in figure 4, the actuator device com-
prises a clamping band 25, which is inserted into the tu-
bular housing 9 and is arranged between a wall 26 of
tubular housing 9 and a wall 27 of electric motor 3.
[0015] As shown in figures 4, 5 and 6, clamping band
25 has a cylindrical tubular shape and is elastically de-
formable in the radial direction. In particular, the clamping
band 25 has a separate axial opening 28, which breaks
the section continuity to allow a radial elastic deformation.
[0016] Accordingtoa preferred embodiment, clamping
band 25 is made of ferromagnetic material having a high
permeability; in other words, the magnetic flux which is
dispersed by electric motor 3 is "intercepted" by clamping
band 25 and tends to close within the clamping band 25
itself. Thereby, clamping band 25 contributes to keeping
the magnetic flux produced by the stator windings of elec-
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tric motor 3 within the electric motor 3, thus reducing the
percentage of dispersed magnetic flux and increasing
the performance of the electric motor 3 itself.

[0017] The clamping band 25 has a series of external
ribs 29 protruding outward and a series of internal ribs
30 protruding inward and are alternating with, i.e. ar-
ranged in between, the external ribs 29. According to a
preferred embodiment, ribs 29 and 30 have a semicircu-
lar section, are developed along straight lines and are
axially oriented (i.e. parallel to a central symmetry axis
of clamping band 25); alternatively, ribs 29 and 30 could
either be inclined with respect to the middle symmetry
axis of clamping band 25 or could be transversally ori-
ented, and thus could have a circular shape.

[0018] According to a preferred embodiment, ribs 29
and 30 are made by localized plastic deformation (typi-
cally obtained by pressing) of the material forming the
clamping band 25.

[0019] Preferably, clamping band 25 has a thickness
of about 0.2 mm and each rib 29 or 30 has a radial di-
mension of about 0.5 mm (i.e. it protrudes internally or
externally to the clamping band 25 by about 0.5 mm).
[0020] Electric motor 3, tubular housing 9 and clamp-
ing band 25 are dimensioned so that the clamping band
25 is subjected to an elastic radial deformation when it
is about the electric motor 3 and within the tubular hous-
ing 9; thereby, the clamping band 25 has the twofold func-
tion of axially holding electric motor 3 within tubular hous-
ing 9 by friction and of radially holding electric motor 3
within tubular housing 9 by means of elastic compres-
sion. In other words, in order to perform an axial move-
ment, the external wall 27 of electric motor 3 should slide
on the internal ribs 30 of clamping band 25 (or, alterna-
tively, the external ribs 29 of clamping band 25 should
slide on the internal wall 26 the tubular housing 9); such
a sliding should overcome a sliding friction due to the
elastic radial deformation to which the clamping band 25
is subjected. Furthermore, in order to be able to preform
aradial movement, electric motor 3 should further deform
the clamping band 25 and such a deformation implies
applying a high radial force.

[0021] In order to fit the electric actuator there are two
possibilities. A first possibility includes the clamping band
25beinginserted aloneinto tubular housing 9 (i.e. without
any effort) and thus the electric motor 3 is "interference-
fitted" (i.e. pushed by applying a relatively high thrust)
within the tubular housing 9 lined by the clamping band
25; thereby, a "sliding" occurs between the internal ribs
30 of clamping band 25 and the external wall 27 of electric
motor 3 when the electric motor 3 is "fitted" within the
tubular housing 9 lined by the clamping band 25. A sec-
ond possibility includes the clamping band 25 being pre-
ventively arranged about the electric motor 3 and thus
the clamping band 25 along with the electric motor 3 are
"interference-fitted" (i.e. pushed by applying a relatively
high thrust) into tubular housing 9; thereby, a "sliding"
occurs between the external ribs 29 of clamping band 25
and the internal wall 26 of tubular housing 9.
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[0022] According to a possible embodiment, the
clamping band 25 is made of shape memory material so
that when it is subjected to an adequate physical stress
(typically heated to more than a predetermined threshold
temperature), ribs 29 and 30 are flattened and regain the
original shape once the stress ends. In this case, in order
to assemble the electric actuators, the clamping band 25
is subjected to the physical stress (i.e. is heated beyond
the predetermined threshold temperature) in order to at
least partially flatten ribs 29 and 30 and, hence, to reduce
the force needed to interference-fit the electric motor 3
and the clamping band 25 in the tubular housing 9.
[0023] The above described electric actuator has
many advantages.

[0024] Firstly, the above-described electric actuator is
easy and cost-effective to be implemented as compared
to a similar known electric actuator in which clamping
band 25 is replaced by a Belleville washer interposed
between a bottom wall of electric motor 3 and a bottom
wall of tubular housing 9; indeed, the production and as-
sembly costs of the clamping band 25 are similar to those
of the Belleville washer.

[0025] Furthermore, by virtue of the clamping band 25
axially holding the electric motor 3 by friction (and the
static friction is higher than the movement friction), elec-
tric motor 3 does not perform any axial movement and
therefore in use does not have any axial vibration (i.e.
axial vibrations of electric motor 3 are completely can-
celled out and not only limited).

[0026] Finally, clamping band 25 radially holds the
electric motor 3 determining a high reduction of the radial
movements of the electric motor 3 itself (i.e. the radial
vibrations of electric motor 3 are strongly limited).

Claims

1. Electric actuator for a valve (1) of an internal com-
bustion thermal engine, the electric actuator com-
prises:

an electric motor (3) having a cylindrical shape;
a tubular housing (9) in which the electric motor
(3) is placed;

a closing plate (10), which is fixed at an opening
of the tubular housing to keep the electric motor
(3) inside the tubular housing (9); and

a clamping band (25), which is inserted into the
tubular housing (9), is placed between a wall
(26) of the tubular housing (9) and a wall (27) of
the electric motor (3), and presents a set of in-
ternal ribs (29, 30);

the electric actuator is characterized by the
fact that the clamping band (25) is made of
shape memory material so that when it is sub-
jected to an adequate physical stress the ribs
(29, 30) flatten out and once the physical stress
is ended they regain their original shape.

10

15

20

25

30

35

40

45

50

55

2

10.

11.

12.

13.

Electric actuator according to claim 1, wherein the
clamping band (25) is elastically deformable in the
radial direction.

Electric actuator according to claim 1, wherein the
clamping band (25) has a tubular shape and has an
axial opening (28) which interrupts the continuity of
the section to allow a radial elastic deformation.

Electric actuator according to claim 1, 2 or 3 wherein
the clamping band (25) has a tubular cylindrical
shape.

Electric actuator according to one of the claims from
1 to 4, wherein the clamping band (25) is made of
ferromagnetic material.

Electric actuator according to one of the claims from
1to 5, wherein the electric motor (3) and the clamping
band (25) are inserted to interference into the tubular
housing (9).

Electric actuator according to one of the claims from
1 to 6, wherein the clamping band (25) presents a
set of external ribs (29) protruding outward.

Electric actuator according to one of the claims from
1 to 7, wherein the clamping band (25) presents a
set of internal ribs (29) protruding inward.

Electric actuator according to one of the claims from
1 to 7 wherein the clamping band (25) presents a set
of external ribs (29) protruding outward alternating
with a set of internal ribs (30) protruding inward.

Electric actuator according to one of the claims from
1 to 9, wherein the ribs (29, 30) have a semicircular
section.

Electric actuator according to one of the claims from
1to 10, wherein the ribs (29, 30) are oriented axially.

Electric actuator according to one of the claims from
7 to 11, wherein the ribs (29, 30) are realized using
localized plastic deformation of the material making
up the clamping band (25).

Method of assembly of the electric actuator accord-
ing to claim 1; the method of assembly includes the
steps of:

subjecting the clamping band (25) to a physical
stress to at least partially flatten the ribs (29, 30);
inserting the clamping band (25) into the tubular
housing (9);

inserting the electric motor (3) into the tubular
housing (9); and

interrupting the physical stress after having in-
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serted the clamping band (25) and the electric
motor (3) into the tubular housing (9) .

14. Method of assembly according to claim 13 and com-
prising the further steps of: 5

wrapping in advance the clamping band (25)
around the electric motor (3); and

inserting the electric motor (3) surrounded by
clamping band (25) into the tubular housing (9). 70

15. Method of assembly according to claim 13 and com-
prising the further steps of:

inserting in advance the clamping band (25) into 75
the tubular housing (9); and
inserting the electric motor (3) into the tubular
housing (9) coated internally by the clamping
band (25).

20

25

30

35

40

45

50

55






AJE

EP 2 345 806 A1




Fig. 3









9 ‘b1

EP 2 345 806 A1

| __—6¢

114

11




EP 2 345 806 A1

D)

Européisches
Patentamt
European
Patent Office

Office européen
des brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 11 15 0760

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document with indication, where appropriate,

Relevant CLASSIFICATION OF THE

Category of relevant passages to claim APPLICATION (IPC)
A GB 2 323 128 A (UNISIA JECS CORP [JP]) 1-15 INV.
16 September 1998 (1998-09-16) FO2D9/10
* figures 1,2,3 * FO2D11/10
----- HO2K5/24
A EP 1 369 566 Al (MAGNETI MARELLI 1-15
POWERTRAIN SPA [IT] MAGNETI MARELLI SPA
[IT]) 10 December 2003 (2003-12-10)
* the whole document *
A US 2007/103010 Al (KOUZU TAKAHIRO [JP] ET |1,13
AL) 10 May 2007 (2007-05-10)
* paragraphs [0045], [0 77]; figures
2,5A,5B *
A DE 10 2004 017300 Al (PIERBURG GMBH [DE]) 1,13
3 November 2005 (2005-11-03)
* figures 1,3 *
A JP 2001 346351 A (ASMO CO LTD) 1,13
14 December 2001 (2001-12-14)
* figures 10,11 * e,
A US 6 021 993 A (KIRKWOOD ROBERT CLARK 1,13 Fo2D
[US]) 8 February 2000 (2000-02-08) HO2K
* figure 2 * F16F
----- F16B
A WO 00/71282 Al (HOTTINGER MASCHB GMBH 1,13
[DE]; ROMMEL REINER [DE]; BEYERER JUERGEN
[DE];) 30 November 2000 (2000-11-30)
* claim 1; figure 1 *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 25 May 2011 Clot, Pierre
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
Atechnological background e e
O : hon-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

12




EPO FORM P0459

EP 2 345 806 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 11 15 0760

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

25-05-2011
Patent document Publication Patent family Publication

cited in search report date member(s) date

GB 2323128 A 16-09-1998 DE 19811024 Al 01-10-1998
JP 3364873 B2 08-01-2003
JP 10252510 A 22-09-1998
UsS 5979405 A 09-11-1999

EP 1369566 Al 10-12-2003  BR 0301746 A 24-08-2004
IT B020020358 Al 09-12-2003
US 2004065856 Al 08-04-2004

US 2007103010 Al 10-05-2007 JP 2007129843 A 24-05-2007

DE 162004017300 Al 03-11-2005  NONE

JP 2001346351 A 14-12-2001  NONE

US 6621993 A 08-02-2000  NONE

W0 0071282 Al 30-11-2000 AT 280006 T 15-11-2004
BR 0010944 A 26-02-2002
CA 2383163 Al 30-11-2000
EP 1198311 Al 24-04-2002
JP 2003500212 T 07-01-2003
MX  PAG1012003 A 06-05-2002
US 2002094410 Al 18-07-2002

13

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 2 345 806 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« (GB 2323128 A [0005]

14



	bibliography
	description
	claims
	drawings
	search report

